Atmospheric humidity plays an important role in the with a mean difference of 1 − 2.3 %RH, depending on the radiosonde site.
Introduction
Atmospheric water vapor is the main natural greenhouse gas and enhances the sensi-tivity of the climate to global warming by about 70%, hence playing an important role in 23 climate change prediction [Cess et al., 1990] . Global climate models that contain water 24 vapor feedback with an approximately constant relative humidity in a warming climate, 25 predict that over the next century the Earth's surface will warm nearly twice as much as 26 models that do not contain water vapor feedback [Minschwaner and Dessler , 2004] . The 27 middle and upper troposphere contribute strongly to the water vapor feedback, especially 28 in the tropics, owing to the low temperatures at these altitudes.
29
The water vapor feedback mechanism in the upper troposphere appears to be in reason- The vertical profiles of air pressure, temperature and water vapor volume mixing ratio 
Retrieving UTH from AMSU/MHS Data
Following Buehler and John [2005] , the linear relationship shown below is used to estimate UTH from the 183.31 ± 1.00 GHz radiances:
where, T b is the radiance expressed in brightness temperature and a and b are linear fit 133 coefficients which are available separately for all viewing angles [see Buehler and John, 134 2005] so that radiances do not need to be limb corrected [John et al., 2006] . with satellite data is defined as its launch time plus 45 minutes. The displacement of the air mass at this time is also considered. Radiosonde wind data between 700 and 300 hPa, 
Cloud Filter in the Tropics
The performance of the cloud filter in the tropics was examined using night-time data 
Solar Radiation Dry Bias
Partitioning the radiosonde data into day and night profiles allows us to investigate the 183 day-time dry bias that particularly the RS92 sondes are expected to have due to solar radiation. We define night-time and day-time as follows: Night-time refers to the period 185 between one hour after sunset and one hour before sunrise, and day-time to between one 186 hour after sunrise and one hour before sunset. For night-time collocations, AMSU/MHS 187 data may be within ±1 hour of sunrise or sunset as long as the radiosonde-time is at night.
188
This is reasonable as the satellite measurements are not influenced by solar radiation.
189
Averaged collocation time for each satellite-station pair is shown in Figure 3 24.9% during the day. This corresponds to about 16.6% dry bias caused by solar heating.
195
Radiation dry bias and the difference between day and night biases for all satellite- 
One-to-One Comparison
For the analysis presented in this section we use only cloud cleared night-time data.
207
The number of collocations per year for each station/satellite pair is reported in Table 3 .
208
We use mainly the RS92 data (compare Table 2 ) for our analysis, but RS90 data for the 209 N17/SGP-C1 combination is also quoted in Tables 4 and 5 
216
All station/satellite combinations show a negative bias in Table 4 and a positive bias 217 in Table 5 . In other words, the satellite UTH is moister than the radiosonde UTH. This stations. This is due to the atmospheric conditions, as the average UTH at this station is very low (25 %RH) compared to the average UTH at the other stations. 
234
Similar bias parameters D0% and D60% were added to the humidity space data in Table   235 5.
236
In humidity space, the slopes are close to unity and range between 0.94 to 1.05. is presented in both radiance space (Table 4 ) and humidity space ( filter and calibration issues of the satellite data.
Radiosonde Homogeneity and General Comparison Features
Overall, the ARM radiosonde data used in this study are considerably more homoge-
275
neous than the all-European radiosonde data that were used in John and Buehler [2005] .
276
In that study, the bias at 245 K was found to vary approximately from −1. from early years (see Table 2 ). Indeed, for those data the D240 with the N17 satellite is 284 +0.66 K, distinctly different from all other N17 comparisons.
285
The ARM data set is homogeneous enough to combine all data for the N17 satellite see Table 6 , and we assumed an accuracy of about 1 %RH, so n = (5 ÷ 1) 2 = 25. We 
298
We collocated night-time/day-time monthly mean UTH to corresponding gridded data 299 from descending/ascending orbits of N15, N16 and N18 and vice versa for N17 and MA.
300
The statistics of this comparison, including bias (in %RH), relative bias (bias%) and slope
301
(in %RH) are reported in Table 6 . The night-time bias is less than 3.3 %RH or 10% in 302 relative difference. In relative difference, the TWP-C1/N17 combination shows the lowest 303 bias which is just −0.2%. For night-time data, the slope is nearly always less than one 304 and ranges from 0.65 (TWP-C1/N15) to 1.02 (TWP-C2/N18).
305
Standard deviations of satellite gridded data and monthly averaged radiosonde data are 306 reported in Table 6 and are quite similar. The standard deviation ranges from 3.9 (SGP- We performed a t-test, see thus this station is not included in Table 6 .
331
Relative biases for day and night-time data are also reported in factors that contribute to the good agreement. The first factor is the improved quality of 377 the radiosonde data, particularly in this study where all data were from the same sensor 378 type. The second factor is the methodology to use a radiative transfer model to map the 379 radiosonde data to radiance space, and then treat it in the same way as the satellite data.
380
The third factor is careful collocation with appropriate filters to exclude cases where the 381 comparison is not valid.
382
Besides the one-to-one comparison, we also compared monthly gridded satellite UTH 383 against ARM radiosonde data. In that case the absolute value of the relative bias of the night-time comparison ranged from 0.2 to 9.7%. Some station-satellite combinations 385 showed a negative bias and others showed a positive bias.
386
While the results of the one-to-one comparison and the gridded monthly mean com-
387
parison are consistent, they are of quite different practical value. According to a t-test,
388
the difference between satellite and radiosonde UTH is statistically significant for all one-389 to-one combinations, but only for some of the gridded monthly mean combinations. The 390 reason for this is that the level of agreement between the two data sets is so good that 391 the gridded monthly mean data comparison is dominated by sampling errors.
392
This finding has repercussions for future satellite validation studies. As data quality 393 improves, collocation requirements become more and more stringent. This trend is likely 394 to continue, so we foresee that a growing fraction of the total effort in future studies will 395 be spent on carefully collocating the data, or in planing measurement campaigns to deliver 396 coincident data.
397

Appendix A: Statistics
The bias is defined as the weighted mean of the differences between satellite T b /UTH 398 (T sat /UT H sat ) and sonde T b /UTH (T snd /UT H snd ):
where, ∆B = T sat − T snd or ∆B = UT H sat − UT H snd and w = 1/σ 2 , σ is the standard 400 deviation of the pixels located inside the target area, see Section 3.3. Similarly, relative 401 bias (Bias%) is defined as the weighted mean of the relative differences (∆B% = (T sat − T snd )/T snd or ∆B% = (UT H sat −UT H snd )/UT H snd ). Bias% is calculated using Equation
403
A1 but ∆B is replaced with ∆B%.
404
Standard deviation of the bias (σ bias ) is calculated as follows:
Distance between the regression line and the diagonal line at the reference points, D240, D270, D0% and D60%, is calculated as follows:
where a and b are offset and slope of the fitted line and are calculated separately in radiance 405 and humidity space. x ref is the reference point at which the distance is calculated and is 406 equal to 240, 270, 0 and 60 for D240, D270, D0% and D60%, respectively.
407
The root mean square deviation (RMSD) is defined as follows: is the number of data points used to calculate the statistics and r is the correlation coefficient.
The parameter t score is the t-score of a paired t-test. For SGP-C1/N17 the first line shows data from RS92 and the second line data from RS90. (All other data are RS92.) The last rows show statistics calculated using RS92 data from all the stations but for different satellites. 
